» 1 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. Docket No.: SAND-0101 1 USO 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (415)369-9660 

Express Mail No.: EV 391 867 388 US 



Fig. 1 

10b 10c 



Vpgm 



riJU 



# of cells 

t Fig- 2 




Vv 



10a 



10b 



10c 



verify pulses 

*v 



LrLTLnJ U U U U LrLTirLI U LI LI 



verify pulses 



Fig. 3 



Page 2 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. Docket No.: SAND-01011US0 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (41 5) 369-9660 

Express Mail No.: EV 391 867 388 US 



Host 



35 



Fig. 4 



21 



Control/Status 



27 



33 



8 

c 

o 
O 



Control/ 



Status 



Bus ^ 
25 



29' 



31 

L 



19 n 



Steering Gates 
Decoders and Drivers 



0 to 

1 8 5 



17 



13 



\ 



s 41 



Control/Status 



23' 



memory 
array 



15 



3 



22- 



Bit Line Decoder, Drivers 
and Sense Amplifiers 



Read 




Page 3 of 16 

TitJe: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. Docket No.: SAND-O1011USO 

Appl. No.: Unknown Atty Burt Magen 

Filing Date: January 27, 2004 Phone: (415)369-9660 

Express Mail No.: EV 391 867 388 US 




Fig. 7 



55' 



_T 



Left 
Steering 
Gate 

0 

81' 



49' 6 



Select Gate 
(Word Line) 



56' 
J. 



T1- 
Left 



BL 
left 



.92' 

99' 57' 



Right 
Steering 
Gate 

<? 

83' 



T2 



T1- 
Right 



I 



s 

51' 



BL 
right 



58' 



Page 4 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman. et al. Docket No.: SAND-01011USO 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (415) 369-9660 

Express Mail No.: EV 391 867 388 US 





o 

>— J 




x ° > ^> x 



5 
S 




CO CO CO CO CO 

>>>>>> 



§ 
s 



w 

E 



o 
w 

Oh 




^ <n m vo 




Page 5 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. Docket No.: SAND-0101 1 USO 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (41 5) 369-9660 

Express Mail No.: EV 391 867 388 US 





Page 6 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 



Applicants: 
Appl. No.: 
Filing Date: 
Express Mail No.: 



Guterman, et al. 
Unknown 
January 27, 2004 
EV 391 867 388 US 



Docket No.: 

Atty: 

Phone: 



SAND-01011US0 
Burt Magen 
(415)369-9660 



Fig. 10 



202 



select portions of 
memory to program 



204 



pre-program 



206 



erase 



208 



soft program 



210 



Vpgm = init value 
PC = 0 



Program Pulse 



220 



concurrent coarse 
and fine verify 



222 



224 




yes 






226 






status 


= pass 



no 



status 



^23 0 
= fail J 



step Vpgm and 
increment PC 



230 



Page 7 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et at. Docket No.: SAND-O101 1 USO 

AppL No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (41 5) 369-9660 

Express Mail No.: EV 391 867 388 US 



check register for 
C/F mode 



302 




304 



Fig. 11 



C/F? 



306 




no 



1 


310 


remain in coarse 
mode 




308 





320 


fine verify 




f 322 



pass? 




yes 



312 



no 



324 



inhibit further 
programming of cell 



change to fine mode 




326 



3 8 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 



Applicants: 
Appl. No.: 
Filing Date: 
Express Mail No.: 



Fig. 12 



Guterman, et al. 
Unknown 
January 27, 2004 
EV 391 867 388 US 



Docket No.: 

Atty: 

Phone: 



SAND-O1O11US0 
Burt Magen 
(415) 369-9660 



Bit Line 



400 



402 



"1 




404 



Vbl 




Fig. 13 Vref 



compare time J 



time 



rage » or 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et a). Docket No.: SAND-01011US0 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (41 5) 369-9660 

Express Mail No.: EV 391 867 388 US 





430 



MUX 




< 



420 



C/F 



404 





MUX 


► 



Ic 



If 




422 



Vpc 



Vpf 



PaytJ 10 uf io 

Ti«e: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 



Applicants: 
Appl. No.: 
Filing Date: 
Express Mail No.: 



Guterman, et a!. 
Unknown 
January 27, 2004 
EV 391 867 388 US 



Docket No.: 

Atty: 

Phone: 



SAND-01011US0 
Burt Magen 
(415) 369-9660 



Bit Line 



Fig. 15 



400 



402 



"1 




404 



rage n or is 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman. et al. Docket No.: SAND-01011US0 

Appl. No.: Unknown Atty Burt Magen 

Filing Date: January 27, 2004 Phone: (41 5) 369-9660 

Express Mail No.: EV 391 867 388 US 



Fig. 16 



Vt (mv) 




1 2 3 4 5 6 

Program Pulse Number 



H2of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. Docket No.: SAND-01011US0 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (415)369-9660 

Express Mail No.: EV 391 867 388 US 



Fig. 17 



55' 



Left 
Steering 
Gate 
o 

81' 



Select Gate 
(Word Line) 
o ,92' 

99' 57' 



Right 
Steering 
Gate 



_T 



49' A 



T1- 
Left 



83' 



T2 



T1- 
Right 



58' 



3 

600 



51' 



420 



C/F 



Fig. 18 



55' 



Left 
Steering 
Gate 

o 

81' 



56' 



Select Gate 
(Word Line) 
O _^92' 

99' 57' 



Right 
Steering 
Gate 



83' 



4^ 



58' 




Page 13 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. Docket No.: SAND-01011US0 

AppL No.: Unknown Atty Burt Magen 

Filing Date: January 27, 2004 Phone: (415)369-9660 

Express Mail No.: EV 391 867 388 US 



Fig. 19 



start programming in coarse programming 
mode 



650 



set source current sink to coarse setting 



652 



654 



start fine programming mode 



656 



set source current sink to fine setting 



Left 
Steering 
Gate 




BL 




left 




r 


712 


Pre-charge 
supply 




c 



Page 14 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. DocketNo.: SAND-01011US0 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (415) 369-9660 

Express Mail No. : EV 391 867 388 US 



vsr 



i 



Vsg 



Fig. 21 



select pre-charge circuit 



close switch to pre-charge 



open switch 



apply pulse 



740 



742 



744 



746 



Fig 



Page 15 of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 



Applicants: 
Appl. No.: 
Filing Date: 
Express Mail No.: 



Guterman, et al. 
Unknown 
January 27, 2004 
EV 391 867 388 US 



Docket No.: 

Atty. 

Phone: 



SAND-01011USO 
Burt Magen 
(415) 369-9660 



55' 



Left 
Steering 
Gate 

0 

81' 



56' 



x 



Select Gate 
(Word Line) 
0 _^9Z 

99' 57' 



49' 6 



T1- 
Left 



BL 
left 



Right 
Steering 
Gate 

Q 

83' 



12 



T1- 
Right 



780 



51' 



Pre-charge 




supply 


c 


\ . 


786 



y 



782 



784 



r 
I 



Pre-charge 




supply 


c 


s 


794 



y 



790 



I 



792 



1_ 



C/F 



T 

420 



Fig. 23 



page id of 16 

Title: EFFICIENT VERIFICATION FOR COURSE/FINE PROGRAMMING OF NON-VOLATILE MEMORY 
Applicants: Guterman, et al. Docket No.: SAND-O1011US0 

Appl. No.: Unknown Atty: Burt Magen 

Filing Date: January 27, 2004 Phone: (415) 369-9660 

Express Mail No.: EV 391 867 388 US 



55* 



Left 
Steering 
Gate 

Q 

81' 



56' 



Select Gate 
(Word Line) 
Q ___92' 

99' 57' 



Right 
Steering 
Gate 



83' 



4^ 



58' 




Fig. 24 




Fig. 25 



Pre-charge 




supply 




\ 


848 





C/F 





420 



844 



